Tpu 0CHOBHBIX MeT0/1a OBICTPOr0 BKJIIYEHUS U BBIKJIKYEHHSI CBETOBOIO I10JIsI
(IpoaosKeHue).

3-it meToz. [lepekiroyeHrne YacTOThl TeHEPALIH.

BuyTtpu pe3onaTopa mnazepa IMOMEIIAETCS JJIEKTPOONTHYECKUN KPHUCTANI,
Harpumep, KDP — nurunpodocdart xamus: H,KPO,.

B xpucramne KDP mnokazarenu npeinomseHHs ABYX JIy4ed 3aBUCAT OT
MIPWIOKEHHOTO dJIEKTpUUecKoro HampsbkeHus (dddext [lokkenbca), 4To MO3BOISIET
OBICTPO YIPABJISITH ONTUYECKON JIJTMHOM KpHUCTala U, KaK CJIEJICTBUE, ONTUYECKOM
JUIMHOM pe30HaTOpa JIa3epa, a 4epe3 HEe M 4aCTOTOW I'eHEepalnH Jla3epa.

Oxka3bIBaeTcs, CIBUHYTh YAaCTOTY I'€HEpallUM Jla3epa MOXKHO ropa3zo ObICTpee,
YeM HM3MEHUTh aMIUIMTYJy TeHepaluuu. MUHUMaJIbHOE BpeMs M3MEHEHUsI 4acTOThI
10" ¢ — 510 mocTosHHas BpeMeHu sddexTa [Tokkebca.

BMecTto wu3MeHeHMsT 4acTOTBl TEHEpAlMy Jla3epa IyTeM HU3MEHCHUS
ONTUYECKOW MJIMHBI PE30HATOpA MPU U3MEHEHUHU SJIEKTPUYECKOIO HANpPSKEHUS Ha
kpuctauie KDP paccMoTpuMm SKBUBajIeHTHBINM, HO 0o0Jjiee MPOCTOM Jid aHaIM3a,
METOJI MU3MEHEHHUS 4YacTOTbl — MEXAHUYECKOE IEPEMEIICHUE 3epKaja BIOJb OCH
pe3oHaropa jasepa.

[Iycth 3epkano pe3oHaTopa Jiazepa JBWXKETCA (M1 ONpeneIeHHOCTH)

2L .
HAaBCTpedy Jydy B T€YEHHE BPEMEHH — . TakoW NMPOMEKYTOK BPEMEHH UHTEPECEH
c

TEM, YTO 3a 3TO BPEMS BECh CBET, HAXOJISIIUICS B pE30HATOPE Jia3epa, OJMH U TOJIBKO
OJIUH pa3 OTPa3UTCs OT JBUIKYIIETOCS 3epKaa.

[Tpu oTpakennu oT HabOeraromiero 3epkaja 4acTOTa CBETa yBEIWYHBACTCS 3a
c4eT npoioabHOTO A dekta Jlonnepa:

Av ¥

1% c

[IpyurHa W3MEHEHWs YacTOTHl CBETa COCTOWT B CIeAyromeM. B cucreme

OTCYETa 3epKajia YacTOTa MaJalolIero Ha 3epKajio CBeTa M OTPAKEHHOTO CBETa O/HA

M Ta e, a Mpu Mepexojie B Ja0OPaTOPHYIO CHUCTEMY OTCUETa YaCTOThI ITHX JIBYX

. Av V
BOJIH UCHBITHIBAIOT JOIJIEPOBCKUN CIBUT YAaCTOTBI —— =-— B IPOTHBOMOJIOKHBIC
1% C

CTOpPOHBI.
[Tokaxxem, 4TO 4acToTa OTPAKEHHOTO 3€PKAJIOM CBETA B TOUHOCTH OKAXKETCS
COOTBETCTBYIOIIECH HOBOH JJIMHE PE30HATOpA Jla3epa B KOHIE MPOMEKYTKA BPEMEHU

L y
— . [l 3TOrO0 HaliIeM U3MEHEHUE YaCTOThI PE30HATOPA.
c

Ha YHBOGHHOﬁ IJIMHC PC30HATOpPa YKIIAABIBACTCA HCJIO0C YHCIO OJIMH BOJIH
2L=mA. Tonbko IIpyd BBIIOJIHCHHM 3TOI0 YyCJIOBHA, MOXKHO HapHCOBATH
3aBUCUMOCTD HAIIPAKCHHOCTHU CBETOBOM BOJIHBI OT KOOpOIHWHATLI pE30HAaTOpPAa JIa3cpa B
OJUH MOMCHT BPCMCHH BO BCCX TOYKAX PC30HATOpPA. Ecau YCJIOBHUC HC BBIIIOJHCHO,
TO (bYHKI_[I/IH IIOJIy4acTCsA HGOIIHO?)HEI‘IHOﬁ.



L
TOFI[a IIpyu U3MCHCHHHN IJIMHbI PC30HATOpa OTHOIICHHC ZICOI/ISt OCTacTCA

HeusMeHHbIM. C yueToM AV =c¢ mnoaydaem, uto Lv =const. lIpoguddepenuupyem
ATO PABEHCTBO U Pa3JeINM pe3yabTaT Ha npousBeaeHue Lv . Torma nomyyum:
AL  Av

L 1%
[ToacTaBUM B 3TO BBIpOXXEHHE B KayecTBe AL M3MEHEHHME JJIMHBI pe30HATOpa
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34 BCC BpCMs ABWIKCHUA 3CPKajla —
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Y TOJIYYUM
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AL Av
a C yY4eTOM —— = ——— TIOJIYyYHM:
L 1%
Av V
——=2— — 3TO OTHOCHUTEJIbHOE M3MEHEHUE YaCTOThl PE30HATOpPA Ja3epa 3a
1% c

BpeMs JBWKCHUS 3epKajia. ITO M3MCHCHHE B TOYHOCTH COBIIAJIAET C M3MEHEHHEM
JacTOThl CBETa MpPH OTPAXCHWHM OT HaOeraiomero 3epkaia Jaszepa. 1o ecTh
OTPaXCHHOE 3EpKAJIOM CBETOBOC IIOJIE M3MEHSETCS 10 YacTOTE W OKa3bIBacTCS B
pE30HaHCE C HOBOW YaCTOTOM PE30HATOpa, KOTOpas OKAKETCS Y PE30HATOpa IOCIe

ABHIJKCHHUA 3CPKajJla B TCUCHHC BPCMCHHU —. HpI/I O9TOM HC€ BO3HHMKACT HHKAKHUX
c

IIEPEXOAHBIX IIPOLECCOB, U, CIEAOBATEIbHO, YaCTOTy TIE€HEpAlUU Ja3epa MOXKHO
MEPEKIIOYUTh OYE€Hb OBICTPO.
Hanpsokenne nHa kpucramme KDP  kxenatenbHO JIMHEMHO HW3MEHSTh Ha

2L
HHTCpBAJIC BpPpCMCHHM —— HWJIM Ha KpaTHOM CMY MHHTCpPBAJIC BpPCMCHH, YTOOBI
c

MTOJIHOCTBIO U30€KaTh MEPEXO0IHBIX MPOLIECCOB B JIa3epe.

I'eTepOAMHHBIN IPHUEM.

Panee Mb1 ynmomuHamm o rerepoauHHoM npueMe curHainioB 3CII u ¢hoToHHOTO
9Xa MPHU IITAPKOBCKOM IEPEKIIOYEHNH 4YacToThl. OOCyauM Terepb MperMyIlecTBa
F€TEPOJMHHOTO MPUEMa CUTHAJIOB.

HampaBuM Ha NpUEMHHK CBETa ABE CBETOBBLIC BOJIHBI C YaCTOTAMU @] U @7 .

Ilycte aMmuTyna OJHOW BOJHBI TOpa3fo OOJIBbIIE aMIUIUTYAbI BTOPOH BOJIHBI
o1 >> Spp. OTOT  CIIOCO0 PETUCTPALMU  HA3bIBACTCS TETEPOJUMHHBIM IIPHEMOM
cJ1aboro curHaja.

PaccMoTpuM MHTEHCHBHOCTH CyMMapHOW BOJIHBI, KOTOpPasl MPOIOPIIMOHABHA
CpeIHeMY 10 BPEMEHH KBaJIpaTy HAIMPSHKEHHOCTH CYMMapHOTO CBETOBOTO TTOJIS:



~((o1cos( i)+ o cos(war)) ) =
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31ech KBaapaT Ka)JI0ro KOCMHyca B CPEIHEM pPABEH IIOJIOBHHE, a KOCHHYC
CyMMapHOW ONTHYECKOW YacTOTHl B CpPEJHEM paBeH HyIr. KocuHyc pa3HOCTHOM
4aCTOTbl YCPEOHATb HE CIELYEeT, €CIU OTy Pa3HOCTHYIO YacTOTy II03BOJISAET
3apErucTpUpPOBaTh OBICTPOICUCTBUE MPUEMHHKA CBETa. Toraa moaydyum

I ~%@§1 +%<‘3§2 + 01502 cos((a)l —a)z)t).

[IpeanonoxuMm Tenepb, YTO IEepBas CBETOBAas BOJIHA HMEET IOCTOSHHYIO
aMIUTUTYly, @ aMIUIMTyJa BTOPOM CBETOBOM BOJHBI Majla M MPEACTaBISET COOOM
unrepecyrommii Hac curnan 3CII umm ¢poTonHoro sxa. B Takom cimydae B poToTOKE
MIPUEMHUKA OOpa3ylOTCsl TPU CJIAra€MbIX MPOMOPLHOHAIBHBIE TPEM ClIAra€MbIM
MHTEHCUBHOCTHU CBETA, NAJAlOUIEro Ha IPUEMHHUK.

t

1 .
[lepBoe ciaraemoe 5&81 NOCTOSIHHO M HE HECET HUKAKoW HH(pOpMAaIIH.

1
Bropoe cmaraemoe 5852 POTIOPIIMOHAIFHO MHTEHCUBHOCTH HHTEPECYIOMIETO HAC

CUTHaJIa, TPETbe cuaraeMoe (POTOTOKA Ha 4YacTOTe | — @) HUMEET aMIUINTYLy
MPONOPLIMOHAIBHYI0 aMIUIUTYJI€ MHTEPECYIOIIE Hac BOJHBI M TOXKE HECET
uH(pOpMaLHIO 00 MHTEpecyomeM Hac curHane. C ydeTOM HEpaBEHCTBA & >> o

OKa3bIBACTCA, YTO TPCTHC CJIAaraCMocC ropasao 0opIIIe BTOPOIO. CHCI[OB&TGHBHO,
IIOCTOSAHHAA 34CBCTKa IIPHUCMHHUKA CBCTA CBETOBOM BOJIHOM C 6OHBHIOﬁ, HO O4YCHb
CTaOMIBLHOMN aMHHHTYIIOﬁ 801, IMO3BOJIICT PCTUCTPHUPOBATL OIITHYCCKHUC CHUI'HAJIBI C

. ” 2
MaJION aMILIUTYAON &p . OTHOIIEHHE AMILIUTYI TPETHETO &(Spp U BTOPOTO &yo
CIIara€MbIX IOKAa3bIBAET, YTO I'€TEPOJMHHBIM IPUEM MO3BOJAET YBEIUYUTH CIAOBIHA

CUTHAJI B ﬂ pa3.
€02
MHOFOKpaTHOC yBCJ’II/I‘IeHI/Ie B @ pa3 3J'ICKTpI/I‘-I€CKOFO CUr-gasjia C HpI/IeMHI/IKa
€02

CBETa TO3BOJIIET PETUCTPUPOBATH CIaOble CUTHAJIBI TaK, YTOOBl OHU HE TOHYJU B
IryMax MpueMHHKA. TO €CTh reTepOMHHBIN TPUEM CUTHAJIA MO3BOJIIET MHOTOKPATHO
YBEJIIMYUTH OTHOLICHUE CUTHAT — IIYM.

BbricTpoe agnadaTnyeckoe MpPoOXoKIeHHe.
Ha3Banue siBleHHMS HY)XHO TIOHUMaTh, Kak OBICTpO€, HO MEJJICHHOE
MpOXOXKJIeHue (cMoTpuTe, Hampumep, aauabatuyeckue HWHBapuaHthl). Hmeercs
BBUJIy, YTO paccMaTpUBAEMbIi Tpolecc OBICTPHIA MO CpPaBHEHUIO C OJHUM




XapaKTCPHbBIM BPCMCHCM 3aJiavdu , HO MGI[HGHHBIﬁ II0 CpPaBHCHUIO C IPYI'UM

v
1
BPEMEHEM — .
R
bynaem Ha3pIBaTh CBUIIUPOBAHMEM YACTOTHI (SWIpe — yaap) UMEHHO TaKoe
(ObIcTpOE, HO MEUICHHOE) CKAaHMPOBAHWE YACTOTHl CBETA, MPU KOTOPOM YacTOTa
CBETa IMPOXOAUT ILIUPOKUKA JHAIAa30H YacToT, B KOTOPOM JIMHHUS IOIJIOLICHUSA
IIOMEIIAETCS] BMECTE CO CBOMMH JIOCTATOYHO JAJIEKUMU KPBUIbSIMU.
Paccmotpum ¢ momomibro BekTopa biioxa, 4ro mpoMCXOOUT CO Cpelou Ipu
CBUITMPOBAHWHU YACTOTHI CBETA.
[IycTh 10 B3aUMOJAEHCTBUSA CO CBETOM Cpela HE MHBEPTUPOBAHA, U BEKTOP
brnoxa HampaBiieH BEpTUKAJIBHO BHU3.
[Ipn B3auMOJENCTBHM CO CBETOM BEKTOp bioxa BpaimaeTcs BOKpPYr BEKTOpa
R

ﬁQ =| 0 | B 1€BYIO CTOpPOHY. 31€Ch
Q

— paCCTpOﬁKa 9aCTOTbI CBCTOBOI'O IIOJIA OTHOCHUTCIIBHO 4YaCTOTHI IICPCXOJa B
CUCTCMC OTCUCTA MOJICKYIJIbI.

Kak u3mMmenserca Bekrop Rp NpU CBUIMPOBAaHUM 4acToThl? Paccrpoiika €2

R=P% _ yacroma Pabu, Q=w—-kV, — vy

U3MEHACTCA OT —00 O +00 HIH HaO60pOT. HpI/I TaKOM H3MCHCHHUN TpGTBGﬁ
KOOpAWHATBI BEKTOPA RQ MOJHO CKa3aTb, 4TO CaM BCKTOP KaK OBI IIOBOPAYMNBACTCA

Ha yTroJl 77 TPU OJHOBPEMEHHOM U3MEHEHUU JUIMHBI BEKTOPA B IPOLIECCE MIOBOPOTA.
[IycTp 1y1s1 ONPENENIEHHOCTH CBUIIMPOBAHUE MPOUCXOJNUT NPU M3MEHEHUH ()
OT —o0 110 +oo. Torma B HadaJdbHBIM MOMEHT BPEMEHM TPEThSI KOOPAMHATA BEKTOpA

Ro paBHa QQ=—c0, U caM BEKTOp R HalpaBlIeH BEPTHUKAJIBHO BHU3, KaK U BEKTOP

bioxa B.
Eciu BexkTop R NmOBOpauMBacTCs NOCTATOYHO MEIJICHHO, a BeKTop bioxa B,

COOTBCTCTBCHHO, BpaliacTCAa BOKPYI' BCKTOpa RQ JOCTAaTO4YHO 6BICTp0, TO BCKTOP

bioxa B BO BCe BpeMs CBUIIMPOBAHUSA OCTACTCSA PAIOM C BEKTOPOM Rpy.
B pesynbrare Takoro CBUNMPOBAaHUA BEKTOpP bioxa moBopayuBaeTcs CHU3Y
BBEPX, KaK M BEKTOP R .

PaccMoTpum Tenepb 0JJHO CBUIUPOBAHKE, HO B OOpAaTHOM HAMpaBJICHUU, NPU
n3MeHeHnu () or +oo 10 —oco. HavanbHOE cocTosiHMe BEKTOpa bioxa mo-npexHeMy
OyJileM cuuTaTh TAaKUM, 4TO BEKTOP bioxa HampaBiieH BepTUKAIbHO BHU3.

Bekrop R Teleph IIPU CBUIIMPOBAHHH NOBOPAUMBACTCS CBEPXY BHHU3, HO
BEKTOp bioxa cHOBa MOBOpayMBaeTCs CHU3Y BBEPX, TAK KaK MOYKHO CUMTAaTh, YTO OH
BpallaeTcs B MpaBylo CTOPOHY BOKPYT BeKTOpa —Rp, a BEKTOp —RQ
MTOBOPAYMBAETCS CHU3Y BBEPX.



To ecTpb mpW CBUMHPOBAHWHM YacCTOTHl B JIIOOYIO CTOPOHY, €CIIM BHadaje
nporiecca Bektop bioxa HampasiieH BHU3, TO B KOHIIE Ipoliecca BekTop bioxa Oyaer
HaIpaBJICH BBEPX.

Takoit moBopoT BekTopa biioxa moxosk Ha pe3yabTaT BO3JISHCTBUS HA CPEAY 7T
uMIyJibca cBeTa. M 1elcTBUTEIbHO, MOBOPOT CHU3Y BBEPX PaBEH IMOBOPOTY Ha yroj
7 BOKpyr ocu 1. Ho ecTh um oTiM4Me CBUMMPOBAHUS OT BO3JEHUCTBUS 77 HMITYJIbCA
CBeTa.

PazHuma B TOM, 9TO CBUIIUPOBAHKME YACTOTHI HEYYBCTBUTEIHHO K aMIUTUTYIE
cBera. Pe3ynprar CBUMMMPOBAHUS HE 3aBUCUT OT aMIUIATYABI CBETOBOTO ITOJIS, €CIH
aMIUTUTYJIa OCTAaeTCS JOCTaTOYHO OoJbioi. Ecnm ke paccMaTpuBaTh BO3NICHCTBHEC
Ha Cpeay CBETOBOTO 7 HWMITYJIbCa, TO MPH YBEIHMYCHUHA aMIUIATYABI CBETA BIBOE 7T
HUMITYJIbC CBETA MIPEBPAIIACTCS B 277 UMITYJIbC, pe3yJbTaT BO3IACHCTBUS KOTOPOTO Ha
Cpeay COBCEM APYroi (HUKAKOi).

PaccmoTpum Temepnh, uTo OyaeT MHPOMCXOAUTH C BeKTopoM bioxa, ecnu
MIPOBECTH JIBa CBUIMPOBAHUS C HEOOJIBIION 3a7EP)KKOM TT0 BPEMEHH.

MBI BBISICHWJIM, YTO OT HAIpaBJCHUS CBUIMPOBAHHS PE3YyJbTAaT HE 3aBHCHUT,
IIOATOMY BTOPOE CBUITUPOBAHHUE MOYKHO ITPOBOJIMTH B 0OPaTHOM HaIPaBJICHUHU.

[Ipy mepBOM CBUIIMPOBAHUU BEKTOP Ry IMOBOPAYUBAETCSA CHU3Y BBEPX, U

BekTOp biioxa moBopaumBaercsi BMmecTte ¢ HUM. [lycTb BTOpOE€ CBHIMpPOBaHUE
MPOUCXOAUT Cpa3y 3a IMEpPBbIM 0€3 3aJepkKKU MO0 BpeMeHu. Torga mpu BTOPOM

CBUIIUPOBAaHUU BEKTOp R IOBOPAYMBACTCA CBEPXY BHU3, U BeKTop bioxa

BO3BpAIIaeTCsS BHU3 BMECTE C HUM.

Ecnu xe BTOpoe CBUNMPOBAHUE MPOU3BECTU IMOCJE 3HAYUTEIBHOU 3aJeP>KKU
10 BPEMEHU, TO 3a BPEMs TOU 3aJIEp>KKU BEKTOp bioxa u3 cocTOosSHUSI BBEPX MOMKET
BEPHYTHCS B OOBIYHOE JJIs HETO COCTOSIHME BHU3 B pe3yibTaTe penakcauuu. Ilepsoe
cBUMMpOBaHUE OyAeT 3a0biTo. B TakoM ciyyae BTOpO€ CBUIIMPOBAHHUE CHOBA
MEpEeBOJIUT BEKTOp biioxa CHU3Y BBEpX, a HE CBEPXy BHM3, KaK IpPU HYJIEBOU
3aJIEPIKKE MEXKIY IByMsI CBUITUPOBAHUSAMM.

CBunupoBanue yA0OHO MPOU3BOJAUTH IITAPKOBCKUM  MEPEKIIOYCHHUEM
yacToThl. Hr>ke Ha pUCYHKE ITPUBEIEHA ONTHYECKAas cXeMa SKCIIEPUMEHTA!
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Ha cnengyromemM pucyHke NpUBEAECHBI IBE 3aBUCUMOCTH. llepBas 3aBHCUMOCTH
— 93TO 3aBHCHMOCTH HANPSKEHHOCTH INTAPKOBCKOIO TOJS OT BPEMEHH C TpeMs
BapHaHTAMH BPEMEHHOW 3aJCpKKH MEXIy MABYMS CBUIHpPOBaHUSAMH. Bropas



3aBUCUMOCTh — 3TO 3aBHCUMOCTh HWHTCHCHBHOCTH CBETa Ha TPUEMHHKE, Kak
(GyHKIHS] BpEMEHH.

ELL[IapKa

IBHI

Ha neBom kpato nepBoro rpaduka u3o0paxkeH JTUHEHHBIN POCT MITAPKOBCKOTO
1018 E741cq » KOTOPBIM HPOTSATUBAIOT JIMHHIO TOTJIOIICHHS. MHMO HEIOBIKHOMU

4acTOThl reHepanuu yasepa. [Ipu atom 11 Habopa MOJNEKYJ € KaXAbIM 3HaYCHHEM
JTy4eBOM CKOpPOCTH V, B pe3yibTare IEpBOr0 CBUNUPOBaHUA Q= —kV, —w,,

u3MeHseTcss or Q= —o0 a0 QI-I-OO, a BCKTOD bioxa NepexoguT U3 COCTOSAHHA
HaITpaBJICHHOCTH BHH3 B COCTOSHHC HAIIPABJICHHOCTHU BBCPX. I[J'I}I Ka)KIIOﬁ queBOﬁ
CKOpPOCTH VZ IIOBOPOT BCKTOpa bioxa IIPpOUCXOIUT B CBOC BpPCMs, KOI'ld

Q(t) =w—kV,—w,; =0. Cpena npu 3ToM 3anacaeT 3HEpPIrur0. JHeprus 3a0upaeTcs

U3 IPOXOIALIEro Cpely CBETOBOro Imosiss. B pesynbrare MOIIHOCTH CBETa Ha
IIPUEMHUKE IIOBTOPSET JOIIEPOBCKUM KOHTYP JIMHUMU ITOTJIOLICHMUS.

Ecian BTOpOE CBUIMPOBAHME IIPOUCXOIUT Cpa3y IOCIE IIEPBOro, TO BEKTOP
biioxa Bo3Bpamaercs csepxy BHM3. [Ipu 3TOM cpena oTAaeT dHEPruro, 3araceHHyro
IIPY NIEPBOM CBUIIMPOBAHUM, U CBET YCUJIIMBACTCA. 3ABUCHMOCTh HHTEHCHUBHOCTH Ha
BBIXOJIE KIOBETBI OIATh IOBTOPSET KOHTYpP MAOIUIEPOBCKOM JIMHHUM TOTJIOIICHUS,
TOJIBKO BMECTO IOIVIOLICHUS CBETA IIPOUCXOAUT €TI0 YCUIICHUE.

Ha pucyHke mnpuBeneHsl TpH BO3MOJKHBIX BapHaHTa BPEMEHH BTOPOTO
CBUIMPOBAHUS.

Ecnu BTOpO€ CBUNHMpPOBAaHME MPOUCXOJIUT C OONBIION 33JEPIKKOM, TO BEKTOP
bnoxa ycmeBaer BEpHYTbCS BHHU3 B pe3yjlbTaTe peJlakcalud ©0e30 BCAKOIrO
B3aUMOJICUCTBHSA CO CBETOM. B 3TOM Cily4ae BTOpO€ CBUIIMPOBAHUE CHOBA IIEPEBOIUT
BEKTOp bioxa cHU3y BBEpX, a cpeza NOTIIOIIAET CBET.

[Ipy HEKOTOPOM IPOMEKYTOUHOU JUIMTEIBHOCTH 3aNEPKKA MEXKAY IBYMs
CBUIIMPOBAHUSAMHU HMIIYJIbC B MHTCHCUBHOCTH CBE€TAa Ha BBIXOJIE KIOBETHI MEHSET
3HaK.

AMIUIUTYZAA 3TOrO UMITYJIbCA B MHTEHCUBHOCTH CBETA, KaK QYHKIUS 3aJI€PIKKU
MEXKy ABYMS CBUIIMPOBAHUSAMU UMEET BUJL:

S~ e 1),

N3mepeHne 3Tol 3aBUCUMOCTH TTO3BOJISIET ONPEIEIUTh KOHCTAHTHI 3aTyXaHHs
71 U Y5, a 4Yepe3 HUX NOIYYUTh HHPOPMALIUIO O MOJIEKYJIAPHBIX CTOJKHOBEHHUSX.



Kazanocn 6BI, aMILIUTyaa HMITYJIbCa JOJDKHAa peIaKkCupoBaThb K
CTalMOHAPHOMY 3HAUCHHIO C MOCTOSIHHOM BPEMCHH 3aTyXaHU:A BEPXHETO YpOBHA )5,

HO B NMPUOJIMKEHUH COCTABIIEHHBIX YPaBHEHUM JIJIs1 MATPUIbI INIOTHOCTH pEaKCaILIHs
BEPXHETO Y HUYKHETO YPOBHEW HUJIET HA TPETHH YPOBHHU.

3ana3ipiBaoniasi ONTHYeCKAst HYTAIUSL.

AMIUIMTYZa W3MCHEHHMS WHTCHCHMBHOCTH CBETa JUIsl INEPBOrO IOJIYyIEPHO/A
ONTUYCCKOW HYyTaIllMM paBHA HM3MCHCHHIO WHTCHCHBHOCTH TIPW HEHACBHINICHHOM
MOTJIONICHUHM CBETa. JTO TMOTJIONMICHUE OIPEAesSeTCS Pa3sHOCTHIO 3aCEICHHOCTEH
IBYX YPOBHEH 0€3 CBETOBOTO ITOJIS:

S~(M-n3).
AMIUTUTYAy TIEPBOTO MONYNEPHOAa ONTHUECKUX HyTanui S OyJaemM Ha3bIBaTh

AMIUIATYIOM ONTHYECKUX HYTAIUM.
Ecim nipenBapuTenbHO 10 HaYala HYyTallui U3MEHUTh PA3HOCTh 3aCEJICHHOCTEN

(Nl - N 2) , TO IPOMOPLIMOHATIBHO 3TOM PA3HOCTHA U3MEHUTCS M aMIUIUTY1a HyTallhil.

Paccmotpum nBa BapuaHTa TaKOro M3MEHEHHUS M JBa COOTBETCTBYIOIIMX UM
SABJICHUSI —  SABJEHHUE  JBYXUMMIYJbCHOM W  SIBJICHHUE  OJHOUMITYJIbCHOMN
3ama3bIBAOIIECH ONTUYECKON HYyTallNH.

I onpeneneHHOCTH MPUBEAEM PUCYHKH, TOACHSIONIME ATH SIBICHUS, TPHU
BBITIOJTHEHUH HepaBeHCTBa R << kU .

JIBYyXUMITYJIbCHAasl 3aI1a3/1bIBalONIasl ONITUYECKasl HyTaIus.

B sToM BapuanTe mpeaBapUTEIbHO MEPE] CTYNIEHBKONW BKIIOYEHUSI CBETOBOIO
MOJISI Yepe3 Cpeay MNPONMyCKArT 7 HUMITYJIBC CBETA, KOTOPBIA MEPEBOJIUT BEKTOP
bnoxa u3 cocTosiHUS HaPaBJIEHHOCTH BHU3 B COCTOSIHUE HAMPABICHHOCTH BBEPX.

IBI

— — T

IBHI

Ha BCPXHCM PUCYHKC IIOCJIC 77 MMITYJIbCA ITOKa3aHbl JIBa BapHaHTa 3aACPKKU
T MCXKXAY 77 UMIIYJIbCOM U CTYHCHBKOfI BKJIIIOUYCHHA CBCTOBOTI'O ITOJIA.

Ha nHmwxHem PUCYHKC IIOKAa3aHa 3aBHUCHMOCTb HHTCHCHBHOCTH Ha BBIXOIC
KIOBCTHI, KakK (bYHKI_[I/IH BPCMCHH [JII 9THUX JKC JIBYX BAPHUAHTOB 3aJCPKKU T .
MHTEHCMBHOCTh CBE€Ta Ha BBIXOAC KIOBCTBI BO BpCM:A 7 HMIIYJIbCAa HCKAKCHA
Ha4dYaJIoOM OIITHYCCKHX HYTaHHfI.



Ecmm 3amepkka 7 Maja, TO ONTHYECKHWE HYTAIlMHM, BO3HUKAIOIIME TIOCIE
BKJIIOUCHHMSI CTYIICHbKM MHTEHCUBHOCTU CBETa, MPOJOJKAIOTCS C OTKIOHCHHS BBEPX,
a He BHHM3, Kak Obl 3TO OBLIO NpH OOBIYHOM ONTHYECKOW HyTaruu 0e3
MIPEIBApUTEIILHOTO 77 MMITyJIbca cBeTa. HyTanum cBs3aHBI ¢ BpaIllEHHUEM BEKTOpa

R R
broxa Bokpyr BekTOpa EQ =| 0 |=| 0 |. Bpikmrouaem mnoje — MpeKpaniacTcs
Q 0

BpaleHue Bekropa biaoxa — Bektop bioxa ocraerca Ha mecre. Bkimrodaem mnose —
BekTOp bioxa mnponmomkaer BpalleHMe U3 TOTO TOJIOKEHHUS, B KOTOPOM OH
octaHoBwiIca. Hytanuu mpocto mpooipkaroTest ¢ Tod (asbl, B KOTOPOH MX 3acTajo
BPEMEHHOE BBIKJIIOYEHUE CBETOBOTO TIOJIS.

[To-gpyromy 0O0BSCHUTH TOT (aKT, YTO HYyTallUM HAYUHAIOTCS B
WHBEPTUPOBAHHOW IOJISAPHOCTH, MOKHO TEM, YTO IPEABAPUTEIBHBIA 77 WMIIYJIBC
CBETa MHBEPTUPYET 3ACEIICHHOCTh CPENbl, 4 AMIUINTYAA HyTalUi MPOINOPLIUOHAIBHA
Pa3HOCTHU 3aCEJIICHHOCTEM.

Ecnm 3anepxka 7 BeIMKa M0 CPAaBHEHHUIO CO BPEMEHEM 3aTyXaHHUs BEKTOpa
brmoxa, To Bektop bioxa mocne 7 UMIOyJabCca yYCHEBAa€T CHOBA BEPHYTHCA K
HaIlpaBJIEHUI0 BHU3. B 3TOM ciyyae, kak ¥ OObIYHAs HyTalMs, 3aIa3/IblBaroIias
HyTalUsl HAYMHAETCS C OTKJIOHEHUSI BHU3, HO C HECKOJIBKO MEHBIIEH aMIUIUTYOM.

AMIUTMTY1a JABYXMMITYJIbCHOM 3ala3/iblBalolle HyTalMM B WHTEHCHUBHOCTHU
MPOLLIEIIEr0 KIOBETY C ra30oM CBETa MMEET CIIEAYIOLIYI0 3aBUCHMOCTh OT BPEMEHH
3aIepKKUA T MEXAY 77 UMITYJIbCOM CBETA U CTYIIEHbKOU BKIIFOUEHUS CBETA:

S~(e_717+e_7/21—1).

N3Mepenue 3TOoil 3aBUCUMOCTH Ha OIBITE MO3BOJISIET ONPEACINTh BEIUYMHBI
CKOpOCTEH 3aTyXaHus OOOMX YPOBHEH DHEPIrUU )| U JY,. OTU BEIWYMHBI HECYT

HH(pOpMAITHIO 0 MOJICKYIISPHBIX CTOJKHOBEHUSX.

OpHouMITYJILCHAS 3al1a3AbIBAIONIasl HyTallHs.

B »sTom BapuanTe HaOMIOICHUS 3ama3/blBalOlICd ONTHUYECKON HyTallUh €CTh
OJINH UMITYJILC — ATO MPSIMOYTOJIbHBINA UMITYJIBC BBIKJIFOUEHHUSI CBETOBOIO MOJIS.

Ha numxecnenyoomneM pUCyHKE pacCMOTPEHBI BapHaHThI ABYX JJIUTEIHHOCTEH
HMMITYJIbCA BBIKJIIOUECHUS CBETA:




IBI
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Ecnyu nauTenbHOCTh HMMITYJIbCA BBIKJIIOUYEHUS CBETOBOTO IO Malla, TO
aMIUTATYa ONTUYECKUX HyTallMi CTPEMUTCS K HYJIIO, TaK KaK B IIPEACIBHOM cllydae
HET UMIYJIbCA BBIKIIOUCHHS U HET HyTaIUH.

[Tpu GOaBIION ITUTEILHOCTH UMITYJIbCA BBIKIIOUCHHS CBETA Cpelia K MOMEHTY
BKJIFOUEHHUS CBETa yCIeBaeT 3a0bITh, YTO paHee CBET Yyke ObuUl. B Takom ciydae
HaOJII0JIAIOTCS ONTUYECKHE HYTAIlUM MPAKTUYECKH C OOBIYHOM aMILIUTYHOM, KakK B
Cily4yae CTYIICHBbKH BKJIFOUCHHS CBeTa 0€3 IpeaBapUTEIbHON 3aCBETKH.

3aBUCUMOCTh aMIUTATYAbl HYTAllMi OT JJIUTEIbHOCTA UMIYJIbCA BBIKIIOUCHUS
CBETa UMEET BUL:

S~(e_7/17+e_721—2).
U3Mepenne 3TOM 3aBHCHMOCTU Ha OIBITE MO3BOJSIET OMPEAETHTh CKOPOCTH

3aTyXaHWs ypOBHEH »; M JY,, KOTOpbIE HECYT HH(POPMALMIO O MOJIEKYJIPHBIX
CTOJIKHOBEHMSIX.

bueHNsi KOrTepeHTHOr0 KOMOMHAIIMOHHOTO paccesiHUSI.
PaCCMOTpI/IM OIITHYCCKYIO CXCMY OIIbITa CO INTAPKOBCKUM IICPCKIIOYCHHUCM
HJaCTOThI:

I B

ELLIIapKa

— — D
fazep L MPHEMHHE
KIOB€TA C [a30M
B SMTEKTPHHECKOM
ToJie

HNutepecyromuii Hac curHaa OWEHHMM KOTepeHTHOro KOMOWHAIIMOHHOTO
paccestHusl HaOJIIOAAeTCSl B TPEXYPOBHEBOM cXemMe ¢ OOIIMM HIDKHUM WK OOIUM
BEPXHUM YPOBHEM SHEPIUMU.

PaccmoTpum cxemy ¢ 00IIMM HUKHUM YPOBHEM DHEPTUH.

[TycTh 6€3 MTapKOBCKOTO MOJISI IBA BEPXHUX YPOBHSI SHEPTUU BBIPOKICHBI:



fiow it

MouiHoe 1a3epHOE€ HM3IYyYEHHUE C YaCTOTOM @ OCYLIECTBIISIET ONTUYECKYIO
HaKayKy ypOBHEH sHEpTruu 2 U 3.

[IycTh mpy MITAPKOBCKOM NEPEKIIOUEHUU YACTOTHl YPOBHU 2 U 3 CABUTAKOTCS
B pa3Hble CTOPOHBl HAa OJWHAKOBYIO BEIMYHMHY /id®w, W TYyCTh ypOBEeHb | He

CABUTaCTCA:

______________ 35 howm

B uHTEHCHBHOCTHM CBeTa Ha MNPUEMHHUKE H3JIY4YCHHUS IMOCTE IITapKOBCKOTO
MEPEKITFOYEHHUS YaCTOThI HAOIIOAAI0TCS TPHU CUTHAJIA PA3HOM MPUPOJIBI.

1). OnTHyeckue HyTaIUH.

OOBIYHO ONTHYECKHWE HYTAIIMU HAOIIOMAIOTCS TPH BKIOUYEHHH CBETOBOTO

I10JIA1.
YacToThl Epexoa0B wy; U 3; U3MCHANOTCA IIPH BKIIOYCHUHN INTAPKOBCKOT'O

nosist. Jlo BKJIIOYEHMS] IITApKOBCKOIO Mojisi 00a mepexojia B3auMOIECHCTBOBAIM C
Ha0OpPOM MOJIEKYJI C OJJHOH JIy4eBOU CKOPOCTBIO V), :

Q=0 => a)—kVZ —0)21 =0 =>
cmapoe cmapoe

a)—a)21

cmapoe

Zcmapoe k

Ilocne BkIIOUECHUSA HITAPKOBCKOI'O IIOJIA 4YacCTOTBI IICPECXOAOB (h; H W3

CABUT'AaIOTCA B Pa3HLbIC CTOPOHBI, n CcO CBCTOBBIM ITOJIEM Ha4YMWHAKT
BBaHMOIIGﬁCTBOBaTB JABa HOBBIX Ha60pa MOJICKYJI:
w—w w—w
— 214060e " — 31,060e

z z

HOBOe - k HOBOe o k

Jlyst 3TUX ABYX HAOOPOB CBETOBOE TIOJIE BKIIIOYAETCS, CICAOBATEIIBHO, HA ATUX
Ha0opax HaOJIOAAI0TCS CUTHAJIBI ONTUYECKUX HYTallHi.
2). 3aTyxaHue cBOOOHOHN MOJAPU3ALIUH.




o o= a)zlcmapoe
Jliss Habopa MOJIEKYJI € JIy4eBOW CKOPOCTBIO V, = CBETOBOE

cmapoe

noyie BhIKIIOUaercs. CrnegoBaTrenbHO, Ha OTOM HAOOpe MOJIEKYd JOJIKEH
HaOJI01aThCsl CUTHAN 3aTyXaHus cBoOoaHOoM nossipuzanuu (3CIT).

Jlis sToro Habopa CBETOBOE IOJIE BBIKIIOYAETCS, a pAacKayaHHBIE IMOJEM
JUIOIN MOJIEKYJ OCTAIOTCS U MPOAOJDKAIOT U3JIydaTh. TONBKO 3TU AUIIONH U3JIy4atoT
Ha HOBBIX 4aCTOTAX Wy ~=®—00 U @3  =0O+00.
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hom

3CII

3CI him+om)

him-6m)

Bmecte ¢ uznyuenuem curHaioB 3CII Ha wactorax w—J0w U @w+J0w Ha
IIPUEMHUK TIOMAJAET JIA3EPHOE M3IyYEHUE C 4acToTom . Hammuwme masepHOro
U3ITyYeHUs! C 9acTOTOW @ TPUBOAMT K TaK HA3bIBAEMOMY T'€TEPOJMHHOMY TpPUEMY
cnalbix curHanos 3CII. B pe3ynbTaTe rerepoMHHOTO nmpremMa (GOTOTOK NPUEMHUKA
MMEET MOJIE3HbI CHTHajl Ha 4acToTe OMEeHH O@ cnadoro ONTHYECKOTO CHUrHaja
3CII = 6w n cUABLHOTO OMOPHOTO ONTHYECKOTO CUTHAJIA JIA3€PHOIO MOJIS @ .

1
Curnan 3CII ObicTpo 3aTyxaeT MPUMEPHO 3a TO K€ BpeMs rE YTO W CHUTHAJ

ONTUYECKUX HYTAIUH.

3). bueHus KOrepeHTHOr0 KOMOMHAIIMOHHOI'O PAaCCESIHUSL.

DTO HOBBIM JJIsl HAC CUTHAJ, KOTOPBIA 3aTyXaeT ropasno meajaeHuee, yem 3CII
Y ONITUYECKHUE HYTaIINH.

CuiibHOE J1a3epHOE IT0JIe pa3pemiacT JBYX(OTOHHBIE MEpPeXojibl, B KOTOPHIX
nepBbli GOTOH — 3TO (OTOH CHOHTAHHOTO H3JIYYCHHUS, a BTOpOH (HOTOH —
MOTJIONIEHUE CBETa M3 CHJIBHOM J1a3epHON BOJIHBL. JTH JABYX(OTOHHBIC IEPEXO]IbI
MpE/ICTaBICHBI HA HUKECIICAYIOIIEM PUCYHKE:

_______ _ 3> how
hiw-2 Bm)hw filwm+26m)

Kak BugHO U3 pucyHKa, 4aCTOThl ()OTOHOB CIIOHTAHHBIX M3TYyYEHUM, KOTOPbHIE
y4acTBYIOT JIByX()OTOHHBIX MPOIECCaX PABHBI @ — 200 U 0+ 20® .



['eTepoAMHHBIN IPUEM 3TOTO CIOHTAHHOTO M3JTYyYEHHUS Ha 4acTOTaX @ —20® WU
@+ 20w C ONOPHBIM M3IYyYEHHUEM Ha YacTOTE€ @ CO3/aeT (POTOTOK IMPUEMHHKa Ha
4acToTe 200 .

PaccmarpuBaemble ByX()OTOHHBIE MEPEXOAbl HE YMEHBIIAIOT CYMMAapHOM
3aCEJICHHOCTH YPOBHEN 2 U 3, M03TOMY ABYX(OTOHHBIE NEPEXOJIbI MIPOJOIIKAIOTCS B

1 y
TCUCHUC BCCTO BPCMCHH 3aTyXaHUA — YPOBHCH ODHCPIUHU 2 u 3. D10 BpEM:A 1opasao

0oJpLIE BpEMEHU 2 3aryxanus 3CII n onTryecKux HyTaum.

Peructpupyempiii  (OTOTOK HaA3bIBAIOT CHUTHAJIOM OWEHUH KOTEPEHTHOIO
KOMOMHAIMOHHOTO paccestHus. DOTOTOK 3aTyXaeT, KaK

—vot  —pat
S~(e 72 +e 73 )

HenuHeiiHas KOMO-CIIEKTPOCKOINMS BBICOKOI0 Pa3pelieHusl.

1 MBanoB B C , Ilynekun C A , @pankun O E , Ky3emun A U Henuneitneie
PE30HAHCHI B CIIEKTPE MOJSAPU3ALHUA U BOCIPUUMYHUBOCTH JIBYXyPOBHEBOW aTOMHOM
cucTteMbl B TpexMozoBoM cBeToBOoM mnoJie // Bectuk CIIOIY Cep.4, 2007, Bpin.3,
C.125-129.

2. PycramaeBa T.O., CasenmbeBa C.B., YBapoa C.B., Kaimmnuuer A.A.,
[lynekun C.A. Merton 0e3100IUIEPOBCKOM  KOMO-CIEKTPOCKONMU Ha IpUMEpPE
onomapkepa okucu azora NO. [X MexnyHapoaHas KOHQEpEHIUsI MOJIOIbIX YUEHBIX
n cnenuanuctoB "Ontuka —2015", 12-16 oxta6ps 2015 ronma, Caukrt-IletepOypr,
Poccus.

Wnest cocToUT B TOM, YTOOBI HCIOJB30BaTh B CHEKTPOCKOIMH HACHIIICHUS
IIOTJIOIIEHHSI U3JIyYEHHE UMITYJIbCHOTO JIa3€pa B PEXKUME T€HEPALUH NEPUOANIECKUX
UMITYJIbCOB C YacCTOTOM MEXKMOJOBOIO MHTEpBaJa MPOAOIBHBIX MOJ Jasepa.
Ilepuonnueckre HMMITYJIbCHl packiafpiBatoTcs B psag Dypse B BUAEC CHEKTpa
PABHOOTCTOSIIMX YaCTOTHBIX JIMHUM C MEKMOJJOBBIM YaCTOTHBIM MHTEPBAJIOM.

- L

VCHITEHHE Cpebl
el

I[PpoJOJIbHbIC MOABI pESOHATORA

I[JBI HEI6JHOI[€HI/IH CIICKTPAJIBHO Y3KHX PC30HAHCOB HACBIIICHHWA ITOIJIOIICHUA
CBCTOBOC II0JIC JOJIDKHO OBITH JOCTAaTO4YHO c1a0BIM.

MoxHO CUHUTATh, YTO U3JIYUCHHUC Kﬂ)KI[Oﬁ YaCTOTBI IIPUCYTCTBYCT HCIIPCPBIBHO.
B Takom ClIydac PC30HAHC HACBIIICHHA IIOITIOIICHUA BCTPCYHBIX BOJH 6y,Z[GT
Ha6HIOI[aTI>C5I B IBYX ClIy4asx.

1. OIIHa H3 MO/ JIa3€pa COBIIAAACT C HCHTPOM JIMHUHU ITOIJIOIICHUA.



2. lleHTp TWHUU TOTJIOIIEHHUS HAaXOAUTCS POBHO IMOCEPEIUHE MEXIY ABYMs
COCEIHUMHU NPOJIOJIBHBIMU MOJAMHM T€HEpallUM Jia3epa, TaK KaK B CHEKTPOCKOMUHU
HACBHIIIECHUS TIOTJIOIMICHUSI BCTPEYHBIX CBETOBBIX BOJIH PA3HBIX YAaCTOT PE30HAHC
oOpa3zyercs, Korja nojlycyMMa 4acTOT BCTPEUHBIX BOJIH COBIAJAET C LIEHTPOM JIMHUU
IIOTJIOIICHHMSI ra3a.

Jlnst  HenmpephIBHBIX Jla3epoB  TMMpU  (UKCUPOBAHHOW 4YACTOTE€ OJHOM U3
BCTPEYHBIX BOJIH @ KOA(Q(QUIMEHT IMOIJIOLUIEHUS BTOPOW BOJIHBI, KaK ()YHKLHUS €€

qaCTOThl W, UMCEECT CHGIIYIOHII/Iﬁ BU.
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COOTBETCTBEHHO MOIIHOCTD BTOpOﬁ BOJIHBI Ha IIPUCMHHUKC HU3JIYYCHHA ITOCIIC
IIPOXOKACHUSA KIOBCTBI UMCCT CHGI[YI-OHII/Iﬁ BHUA.

PaccMoTpuM TpaaAMIIMOHHYIO CXEMY CIIEKTPOCKOIMH HACBIIICHHS TOTJIOMICHUS,
B KOTOpPOMl H3JIy4Y€HHE Jla3epa MPOXOJUT KIOBETY C Tra30M HHU3KOTO JIaBJICHUS,
OTPAKAETCS 3EPKAJIOM, MPOXOAUT KIOBETY C ra30M BO BCTPEUYHOM HAIPaBICHUH U
MomnajaeT Ha MPUEMHUK u3nydeHus. Toiabko OyaeM paccMaTpuBaTh HU3IyUYCHHE
MMITyJIbCHOTO J1a3epa. Peructpupyercs pe30HAaHCHOE YBEIMYEHHE MOIIHOCTH Ha
MIPUEMHUKE NMPU U3MEHEHUHU HECYIIEH 4acTOThI JTa3€PHBIX UMITYJIHCOB.
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B MHoromonoBoM ciydae Kaxdas Iapa CHMMETPUYHO PACIOIOKEHHBIX
OTHOCHUTENFHO IIEHTpPA JIMHUU TOTJOMIEHUS MOJ TeHepaluu OyJeT ydacTBOBaTh B
(GbOopMHPOBaHUN OJTHOTO M TOTO K€ PE30HAHCA BO BCTPEUHBIX CBETOBBIX BOJIHAX.

[Tockonbky B (pOpMUPOBAHUYU CUTHANIA YYACTBYIOT BCE MOJBI, IPH U3MEHEHHUU
HECYyIllell 4YacTOThl MMIyJbCa CHUTHAJ HAa TPUEMHUKE OyIeT TOBTOPITHCS
NEPUOANYECKH C TIEPUOIOM PABHBIM MEXMOIOBOMY UHTEPBAIY.

Ecin ydectb 00a MexaHu3ma (QOpMUPOBaHUS pPE3OHAHCA HACHIIICHUS
NOTJIOUICHUsS] BCTPEYHBIX BOJIH, TO MPU MU3MEHEHUHM HECYIEH 4YacTOThI JIAa3€pHOTO
UMITyJIbCA PE30HAHChl OyJIyT PpPETUCTPUPOBATHCS BIBOE Yallle YacTOTHOTO
PacroJIO0KEHUs MPOJ0IbHBIX MO/,

mI

NN

M1

mI

NN

mll ™

Ha pucyHnkax npuBelieHa 3aBUCHMOCTh MOIIIHOCTH Ha IMPUEMHUKE CBETA, KAK
GyHKIMS HECYIIEH 4YacTOThl CHEKTPAIbHOIO KOoMOa — TpeOCHKU pa3pelieHHbIX
MPOJIOJIBHBIX MOJ MMIYJBCHOTO Jazepa. ['pedeHka JIBHUraercs 1o ropu30HTaILHOM
OCH BMecTe€ ¢ TpadUKOM 3aBUCUMOCTH MOIIHOCTH Ha MNpPUEMHHKE. MaKkCUMyMbl
MOIIHOCTU Ha IMPUEMHHKE COOTBETCTBYIOT CUMMETPUYHBIM PACIIOIOKEHUSM MOJI,
KaK 3TO U300pa)keHO Ha ABYX Tpadukax. PesoHaHchl MOTyT OBITh OYEHBb Y3KUMU (HE



KaK Ha pI/ICYHKe), Ha HCECKOJIBKO ITOPAAKOB YK€ YaCTOTHOIO HHTCpBAJIa MCIKAY
MOJaMH.

Bonpoce! k 3xk3ameny 2022-2023 y4ye0HOIo roaa Ui Ka4eCTBEHHOI 0

paccMoOTpeHus 0e3 MaTeMaTHYeCKUX BBIKJIAI0K.

1. TlpoBan u nuk bennerra. Uto mo ocsim? CBEeTOMHAYIMPOBAHHBIN Apeid u
pazzie’eHue U30TOIIOB.

2. Pe3oHaHC HACBIIIEHUS TOTJIOMIEHUS C OAMHAKOBBIMU YaCTOTAMHU BCTPEUYHBIX
BOJH. OnTHyeckas cxeMa skcrnepuMeHTa. [Ipyu Kakux yclioBUSX IIMpUHA pe30HaHca
MHOI'0O MEHBIIIE AOIJIEPOBCKOM MIKUPUHBI IMHUU NOTJOMEeHHs? OnTryecKas pa3Bas3Ka.

3. JlazepHoe oxnaxaeHue. JlomiaepoBckoe oxiaxaeHUe (paanarmoHHOE
JaBJEHUE), OOBSICHUTh MEXaHU3M OXJaxkJeHud. Onrtuueckas natoka. OxiaxaceHue
METOJ0M OOKOBOM MOJIOCHI.

4. Pe3oHaHC IUNIOTHOCTU BO30YKJE€HHBIX yacTull. Onrtuueckas cxema. Yto mo
ocsMm? IloyeMy pE30HAHCHO YMEHBLIAETCS IUIOTHOCTh BO30YXJEHHBIX YacTHIL?
OnroranbBaHMYECKUN METO]T PETUCTPALUU.

5. ®emTocekyHAHBIA (TUTaH-camdupoBblii) nazep. CUHXpOHU3ALMS MO,
HaBeJCHHAas CBETOM JIMH3A, U3MEHEHHE TN TEIBHOCTH HMITYJIbCa
nuadparMupoBaHueM Jyda. M3aMepeHue UIMTENTBHOCTH UMIyJbca. YuprnupoBaHHUe
MMITYJIbCA.

6. Pe3oHaHc NBYX()OTOHHOIO MOTIJIOLIEHUS 0O€3 IOIIEPOBCKOIO YIIMPEHUS.
OnTuyeckas cxema. O0bACHUTH (HOPMY CUTHAJIa B BUAE CYMMBI IIMPOKOTO U y3KOTO
KOHTYpOB. B 4em pasHuna Mexay KacKaJHbIM U JIBYX()OTOHHBIM BO30YXKICHHEM?
Kornma kackagHbiM BO30YXKJIEHHMEM MOXHO TMpPEeHEOpeub 110 CPaBHEHHUIO C
IBYX(OTOHHBIM BO30YyX)IeHUEM?

7. CPT-pe3onanc (KIIH — pe3oHaHC KOT€pEHTHOTO TIJICHEHUSI HACEJIEHHOCTH ).
B 3aBucumoctu yero ot yero HaOmomaerca peszoHaHc. [louemy CPT-pe3oHaHchI
MOTYT OBITh O4€Hb y3KUMH. JIazepbl Oe3 nuBepcuu. OcTaHOBKA CBETA.

8. @u3NUECKUl CMBICI KOMIIOHEHT BekTopa biioxa. /[Ba cMbicna nmepBbIX ABYX
KOMITOHEHT.

9. HNuuamuyeckuii 3¢pdext tapka nmu >3¢dexr lltapka B cBeToBOM TmoOIIE.
OOBsACHUTH paclIeryieHue ypoBHeH. XapakTep cABUIa ypOBHEW B CiaboM IOJeE.
Pacuienyienue ypoBHel U npaBuiia 0T00pa B CUIILHOM IIOJIE.

10. Ontrnyeckue Hyranuu. Yactora HyTanui, XapakKTEPHOE BpEMsl 3aTyXaHHS
HyTaiii. OOBACHUTH MNPUYMHY OBICTPOTO CHaja AMIUIMTYAbl IYJIbCALHMA
MHTEHCUBHOCTH.

11. 3aryxanue CBOOOJHOM MOJsApU3AIMU. XapaKTEPHOE BpEeMs 3aTyXaHUS.
[louemy curnan 3aTyxaeT OBICTpEE, UYE€M 3aTyXaeT HU3JIyYEHHUE OJHOW MOJIEKYJIbI?
CBepxu3zinydeHue.

12. Ilnomane cBeTOBOro wumiyibca. Ilu-momonam, nu, 2-MM UMITYJIbCHI.
CamouHaylIMpOBaHHAs MPO3PAYHOCTb.

13. JIByxumnyibcHOe (poToHHOE 5X0. OOBACHUTH BO3HMKHOBEHHME CHUTHAJIa

axa.
14. TpexumiynbcHoe HOTOHHOE 3X0. OOBSICHUTH X0 3Xa U UHAYIIUPOBAHHOE
9XO0.



15. Hyr »xa Kappa-lIlapcemna. CooTHOLIEHHE IUIOMIAECH HMITYJIbCOB U
3a/IEPIKEK MEXKITY UMITYJIbCAMU.

16. Beictpoe ammabatudeckoe mpoxoxkaeHue. OTIWYKME W CXOJCTBO C IIH-
UMITYyJIbCOM. YUTO HAOIMIOAaeTCs B AKCIIEpUMEHTE?

17. 3anasnpiBaromias — omnThueckas — HyTanusi  (IBYXUMIYJbCHas U
OJIHOUMITYJIbCHAS ).

18. buenusi KOrepeHTHOTO0 KOMOMHAIIMOHHOTO paccesHus. PaccmorpeTs Tpu
CUTHAJIa B PEaJIbHOU CXEME IKCIIEPUMEHTA.



